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Abstract of the Disclosure 



"A rotary electric machine" 

A rotary electric machine (motor or generator) comprises a first 
functional member and a second functional member rotatable with 
respect to the first one. One of the two functional members com- 
prises a plurality of permanent magnet poles distributed in a 
ring arrangement, while the other one comprises a plurality of 
switchable electromagnet poles disposed in a ring arrangement 
opposite the permanent magnet poles, with an air gap in between. 
The numbers of permanent magnet poles and electromagnet poles 
either may be exactly or almost the same. At least one electronic 
circuit means controlled by at least one sensor detecting the 
rotational relative positions of the two functional members is 
provided for switching the electromagnet poles in the respective 
suitable direction of current flow and for the period of time 
of functional suitable relative positions with respect to the 
permanent magnet poles. 
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"A rotary electric machine" 
BACKGROUND OF THE INVENTION 

The instant invention relates to a rotary electric machine, in 
particular an electric motor or electric generator. 

So far in most cases electric direct current motors which are 
most closely related to the electric machine according to the 
invention under aspects of their functioning have a structure in 
which the rotor rotating in a stationary st.ator is provided with 
annularly distributed winding,. Also the stator includes a plurali- 
ty of windings, the so-called exciter windings, whioh likewise 
are distributed in a ring arrangement. The rotor is fed with 
current by way of sliding contacts and a commutator disposed on 
the rotor shaft, the commutator taking care that the rotor wind- 
ings each are switched on for a period during which they are 
suitably positioned opposite exciter poles. The commutator also 
provides for the respective proper direction of current in the 
rotor winding sections, taking care that only those rotor winding 
sections each are switched on which are located in proper rela- 
tive positions with respect to exciter poles. A disadvantage of 
these conventional electric motors is seen above all in the me- 
chanical switching of the rotor winding sections by means of the 
commutator which is susceptible to wear. 
SUMMARY OP THg INVENTION 

The invention, on the other hand, provides an electric machine 
which requires neither sliding contacts nor a commutator since 
the respective suitable functional switching of the electromagnet 

poles is effected electronically. • . 

Accordingly in one aspect of the present invention there is 

provided a rotary electric machine characterized by the 

combination of the following features: 

(a) a first functional member and a second functional 
member are provided, one of which is rotatable with respect to 
the other, an air gap existing between the two surfaces facing 
each other of the two functional members; 

(b) one of the two functional members comprises a 
plurality of permanent magnet poles of alternating polarity 
distributed in a ring arrangement at the aide facing the air gap; 

(c) the permanent magnet poles are provided by 
permanent magnets having a coefficient of permeability in the 

"border of the permeability of air ( / u.--' 1); 
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(d) the other one of the two functional members 
comprises a plurality of switchable electromagnet poles 
distributed in a ring arrangement at the side facing the air gap; 

(e) the number of permanent magnet poles and the number 
of electromagnet poles. differ by a small integer; 

(f) the plurality of electronic circuit means, each 
having four controllable semiconductor switch elements and each 
being connected to at least a respective one of said 
electromagnet poles, is provided for switching the electromagnet 
poles in the respective proper direction 'of current during the 
period of a suitable relative functional position with respect 
to a permanent magnet pole; 

(g) each of the electronic circuit means is controlled 
by at least one sensor disposed at the functional member which 
is provided with the electromagnet poles and detecting the 
rotatonal relative positions of the two functional members. 
In principle, it makes no difference whether the functional mem- 
ber provided with the permanent magnet poles is stationary and ' 
the functional member provided with the electromagnet poles is 
rotatable, or vice versa. Furthermore, fundamentally it makes no 
difference whether the two functional members are disposed oppo- 
site each other in an axial direction or in a radial direction which 
would mean that one functional member is arranged within the other 
functional member. In the latter case of the two functional mem- 
bers being disposed radially inside each other, in principle, it 
makes no difference either whether the permanent magnet poles are 
disposed at the radially inner functional member and the electro- 
magnet poles at the radially' outer functional member, or vice 
versa, h particularly preferred embodiment, however, is one with 
which the rotary member of the machine is positioned radially 
outside and around the stationary member of the machine and with 
which the permanent magnet poles are arranged at the inner cir- 
cumference of this rotatable machine part. The specific ad- 
vantages of this embodiment will be explained in greater detail 
below . 

The machine according to the invention may be so designed that 
the number of permanent magnet poles corresponds exactly to the 
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number of eleetrc.gnet poles. 1<t , s „ aU aif£ere „ ce betueen 
net pole, is preferred, partioularl , aiff e r e„ce of less than 

in! !f fn 1 ' °" nU " 1U "'a start- 

:r t ;: : h :r o " - «- .o^. „ a e»e„ 

At on. of it, functional members, freguently referred to a3 the 
exciter member, the electric machine according to tie invention 
co.prrse, percent magnets instead of (exciter) electrcagnets 
« wee customary until now. This is favorable fro™ the point of ■ 
rent" n « ^""^ " * «* -sL cur- 

substantial and surprising saving of space a, well a . essential 
and unexpected increase, of the torgue to be produced or of the 

Preferably, permanent magnets are used which have a coefficient 
Of portability in the ord.r of the permeability of air " T 

the°r°oto h ' leCtri ° " 0t °" th<! *~*-~~"o "el of 
the rotor beve a wearing reactive. effect on the exciter part 

the' T' " ,a9 " itUde ° f th " " a ° tiVa »«•« 
the magnetic resistance in the individual magnetic circuits be- 
tween the rotor and t „. exciter part _ ^ ^ J be 

mall because of the email width of the air gap of usually about 
1 mm, armed at for different reasons. In the electric mach.n. 
cording to the invention, however, the i^lTZ^Tol"-'' 
™ llS h " e » h1 *" "^netic resistance even if the air gap is 
narrow, because with the preferred choice of materials the coef- 
orl 1 ;;' " «" ™ magnets is lower by le 

effect of the electromagnetic field, on the exciter part describ- 
ed above „ reduced guite considerably. Moreover, the inductance 
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of the electromagnets which are to be reversed is reduced drastical- 
ly so that high reversing or switching speeds may be employed 
with the electromagnet poles. This results in the advantageous 
possibility of furnishing the electric machine according to the 
invention with a great number of poles and/or operating it at 
high circumferential speed at the active surface or face of the 
air gap of the machine. 

Especially preferred are permanent magnets made of a material 
based on rare earths and cobalt, particularly samarium cobalt 
permanent magnets. 

in principle the electric machine according to the invention could 
do with but one electronic switching circuit means and a single 
sensor, for instance, if the number of permanent magnet poles 
corresponds to the number of electromagnet poles. Preferably, how- 
ever, a plurality of electronic circuit means are provided for 
switching, each being coupled with at least one sensor. In this 
manner each electronic circuit means is adapted to effect the 
common switching of a smaller number only of electromagnet poles 
located at least essentially in the same relative positions with 
respect to the permanent magnet poles. Each electronic circuit 
means thus has to switch smaller powers only. For this reason the 
switching means used may be overproportionally cheap, and the ex- 
penditure for cooling of the switching means may be reduced while, 
at the same time, considerably improving the reliability of the 
machine since failure of individual switching means will cause 
no serious impairment of the overall function. Also the maintenance 
of the machine is rendered easier as it is possible to replace 
individual inexpensive switching means. The lower borderline case 
may be realized as well in which there is one electronic circuit 
means for switching each electromagnet pole. 

The particularly preferred sensors are Hall sensors or Hall 
detectors as they are of robust nature and adapted to be arrang- 
ed readily so as to respond to the magnetic fields of the per- 
manent magnets. Yet other sensors may be used as well, such as 
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Reed contacts, photocells, .induction sensors, or permeability 
sensors. 

The novel structure of the machine according to the invention 
permits the provision of electromagnet poles in the form of in- 
dividual structural elements which were provided individually 
with a winding prior to assembly and which are fixed individually 
to the respective functional member. These structural elements 
may be identical, a fact which permits cheaper production and 
facilitates the exchange. 

Preferably, the electromagnets are arranged with their feet in 
contiguous relation. In that, case a magnetic backing of lamellar 
iron may be dispensed with to produce a path of magnetic flux be- 
hind adjacent electromagnets since the mutually abutting electro- 
magnet feet establish the required magnetic flux. 

The permanent magnets preferably are arranged in circumferential 
direction to abut directly against one another or through the 
intermission of thin plastic layers. In this way the optimum 

permanent magnetic' volume can be housed in the space available. 

Usually a magnetically conductive backing As provided behind the 

permanent magnets. 

The pitch of the arrangement of the permanent magnet poles and/ or 
the length of the permanent magnet poles in the' rotational circum- 
ferential direction essentially corresponds to the length of the 
electromagnet poles in the rotational circumferential direction. This 
permits optimum utilization of the volume and, at the same time, 
. reduces those angular ranges of rotation which do not contribute 
to the flux switching. 

It is preferred in particular to use the electric machine ac- 
cording to the invention as a so-called wheel motor in motor ve- 
hicles. In that event the permanent magnets are fixed to the in- 
ner periphery of a cup-shaped member housed in a conventional 
motor vehicle wheel which carries a tire on the outside. The 
electromagnets are attached to the outer periphery of a stationary 
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" U °"," 9t ™ otu *« «le«"t such an air c, ap is for>ed bet „ een 

l;„l poie £aoes * na the f — <* — 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described further, by way of example, with 
reference to the accompanying drawings, in which: 

Figure I is a cross sectional elevation of an electric motor, 

perpendicular to its axis of rotation; 
Figure 2 shows a detail of the structure and arrangement of two 

adjacent electromagnets; 
Figure 3 shows the fundamental structure of an electronic circuit 

means for switching the electromagnet poles. 
DETAILED DESTC RTP T I ON OF THE PREFERRED' EMBODIMENTS 
The embodiment shown in Fi gure , comprlses thirfcy eIectromagnets 
4 distrxbuted at uniform pitch along the outer periphery of a 
stationary functional member 2. In the cross sectional elevation 
shown, the electromagnets 4 each have a substantially double t 
shaped core 18 and a winding 6 which is diagrammatically shown in the 

TThi T ° l *? 9 °" re ' itS WlreS eXtending P-^icular with resect 

to the plane of the drawing. A f its outer circumference each 
electromagnet A has an electromagnet pole 8 which is a north pole 

; in response to the airection ° f c — ? i ~ — * 

^c^r ary K fUn0tl0nal membSr 2 " S — ded ^ * ratable 
functxonal member 10,on the whole substantially having the shape 
of a hollow cylinder closed in cu P -l ike fashion at one end and 
being secured on a shaft (not shown), with its closed end axially 
adjacent the stationary functional member 2. Permanent magnets 12, 
the embodiment shown having thirty-two such permanent magnets .12 
are arranged at uniform pitch distributed in a ring arrangement ' 
at the inner periphery of the rotatable functional member 10. 
At thexr xnner circumference the permanent magnets 12 have perma- 
nent magnet poles 14, arranged to be alternating north and south 
Poles in the circumferential direction. In the circumferential direction, 
the permanent magnets 12 or the permanent magnet poles U each 
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ZiJu ! y l0 " 5 " •»»'«-W-t PoXes 8. The i„- 

f-ntiU direction and, f or instance, „ ay ba attaohea by cement . n9> 
For better understating, the specification first „m refer to 

n r h m ° 9net poies "• in that a - ent ° u "» 

oo.Tr ! reVe ' Sed si " ull ™°»^ »»e„ever the relative 

positions of the two functions! n^hers 2, 10 are suoh that J£ 
permanent „. g „et poia U is positioned aireet ly oppo.ite an exeo- 
tromagnet pole 8. w " exe ° 

The embodiment shown co ra pnaes two .ore percent magnet poles 
U than electromagnet poles 8. Not all the electromagnets 4 are 
switched over or reversed simultaneously, instead, five electronic 
circuit means (of. description below of « g . „ serve f „ 
taneous swltohing of six , ectromagnetg namely 

three electromagnets each of which are located dianetrically opposite 

exactl th r e ^ ^ °' ^—9"^ * each are in 

exactly the same relative positions with respect to the permanent 
magnet poles 14, whereas within each grQup q£ ^ 

the relative pos.tions with respect to the permanent mag „et poles 

14 differs slightly from electromagnet pole 8 to electromagnet 

Pole 8. An electronic circuit means 16 provided for switching 

the six electromagnets 4 described is show n diagrammatically Pour ' 

0 0re J" 0 " elSCtr0nlC C ^ CUit 15 «• P-vided analogous y 

to switch the remaining electromagnets 4. 

• A sensor S each, embodied by a Hall detector, is provided at the 
leading and trailing edges in. the circumferential direct^ of the 

Z?..:.?^"" 4 8 " -° UP —tromagnet,. 

S l 3 SSrVe t0 det6Ct the Change <«*» ^ P-rmanent mag- 
net north pole to the permanent magnet south pole and vice versa 
as they rotate past the sensors. This information on the respec- 
tive relative positions of the stationary functional member 2 and 
the rotatable functional member 10 is applied to the correspond 
ing electronic circuit means 16. 
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The following equation is applicable: 
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n g - 5 - number of electronic circuit means 16 

n v - 3 - number of adjacent, simultaneously switched electro- 
magnet poles 
n E " 30 - number of electromagnet poles 
n M - 32 - number of permanent magnet poles. 

At any point in time considered, all the electromagnet poles 8 
are switched on and the switching is such that the current direc- 
tion fits the respective cooperating permanent magnet pole 14. 
The electronic circuit means 16 effect switch-over of the indi- 
vidual electromagnet poles 8 into the other direction of current 
at the correct point in time. 

It should be noted that embodiments of the electric machine accord- 
ing to. the invention are conceivable with which the number of . 
permanent magnet poles and electromagnet poles selected as well 
as the dimensions of the permanent magnet poles and electromagnet 
poles chosen, are such that the switching of the electromagnet 
poles is not an act of switching practically without interruption 
in the current supply but rather switch-one for a certain period 
of time, switch-off for a certain period of time, renewed switch- 
on at reversed direction of current, etc. 

Figure 2 shows on an enlarged scale how the individual electro- 
magnets 4 are arranged and attached at the stationary functional 
member 2. In the cross sectional elevation shown, each electro- 
magnet 4 has a double T shaped core 18. The core 18 may be de- 
signed as a pack of iron lamellae stacked vertically with respect 
to the plane of the drawing. Another form of realization provides 
for the core to be made up of iron powder particles embedded as 
densely as possible in plastic material, in this event the core 
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18 can be manufactured with great ease by injection molding 
This process of making and designing the structure of cores 18 
of electromagnets 4 is regarded as baing independently inventive. 

At its radial inner side each core 18 comprises an undercut groove 
20 extending in the axial direction. A ledge 22 provided with thread- 
ed bores and inserted i n the groove 20 and corresponding screws 
24 serve to fasten each core 18 from inside to the stationary 
functional member 2. The technique described of producing the 
cores 18 and the simple fastening of the same to the stationary 
functional member 2 are rendered possible especially because the 
stationary functional member 2 does not rotate so that the elec- 
tromagnets 4 are not subjected to any centrifugal forces. 

Adjacent electromagnets 4 are arranged to be in surface area con- 
tact in the circumferential direction at their feet 26, in other 
words the radially inner leg of the double T profile. The foot 
contact areas 28 warrant a path of magnetic flux between adjacent 
electromagnets 4 so that not magnetically conductive backing need 
be provided at the stationary functional member 2 radially ins ide 
the electromagnets 4. 

The cores 18 of the electromagnets may also be formed without 
the radially inner legs and fastened at the stationary functional 
member 2 by means of screws, m that event, however, a lamellat- 
ed back or one containing iron powder particles embedded in 
plastics must be provided radially inside the individual electro- 
magnets 4. 

Pig. 3 is a more detailed view of an electronic circuit means. 
Of the electric machine only the stationary functional member 2 
is shown together with two diametrically, opposed electromagnets 
4, namely the central electromagnets 4, of each of the respective 
group of three electromagnets described. The windings marked El 
and E2 are connected in series. Vet they could also be connected 
xn parallel. 
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The series connection including the exciter windings El and E2 
is connected to the two midpoints Ml and M2 of a circuit bridge 
which, as shown in this embodiment, comprises four controllable 
semiconductor circuit, i.e. switch elements T.l, T2, Tc, and T4. One end of the 
circuit bridge is connected to the negative pole and the other 
end to the positive pole of an operating voltage source. The con- 
trol electrodes of the semiconductor switch', elements Tl, T4 disposed 
diagonally opposite each other in the bridge circuit are connect- 
ed to the output of a first control circuit Al, while the control 
electrodes of the remaining semiconductor switch elements T2,T3 
are connected to the output of a second control circuit A2. Con- 
trol terminals at the input ends of the control circuits Al and 
A2 are connected to separate outputs of a control circuit SS. 

At least one sensor S is associated with one of the two func- 
tionally related electromagnet poles PI and P2. This sensor de- 
tects the rotational relative positions of this electromagnet 
pole and the permanent magnet pole of the rotating functional 
member. In the embodiment shown it is assumed that the permanent 
magnet poles are provided at a ring revolving around the outside 
of the electromagnet poles Pi and P2. When the sensor detects a 
switch-over of the permanent magnet pole, the windings El and E2 
are reversed. To this end an output signal of the sensor S is 
applied to the control circuit SS which will then act through 
the two control circuits Al and A2 to switch on two diagonally 
opposed semiconductor circuit elements of the circuit bridge such 
that current will flow in one or the other direction through the 
exciter windings El and E2 which are connected in series. 

in the embodiment shown, two sensors S are provided at both sides 
of the electromagnet pole PI, one sensor causing the reversal of 
the exciter current in the windings El and E2 when the electric 
machine rotates in one direction, and the other sensor causing 
said reversal when the machine rotates in the other direction. 

The control circuit SS further is connected to a command trans- 
mission circuit B which may be used for the input of control 
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commands such as start | stop, number of revolutions, direction of 
rotation. The control circuit SS preferably is a microprocessor 
applying. its control signals through the control circuits Al and 
A2 to the circuit bridge Tl to T4, either according to a fixed 
Program or to a variable program in response to the command signals 
by the command transmission circuit and the output signals of 
the sensors S. 



Electric machines built according to the principles of the instant 
invention provide a great number of significant advantages in 
practice: The electronic switching of the individual electromag- 
nets does away with the sliding contacts and commutator which wear 
rapidly and are expensive to manufacture. The electronic control 
affords possibilities of control obtainable at great expense only 
with conventional electric machines, e.g. a great useful range 
of speeds, a high degree of efficiency, control to a certain 
torque, change of the number of revolutions, and the like. The 
electronic control permits a design characterized by a difference 
in the numbers of permanent magnet poles and electromagnet poles 
a circumstance which leads to safe starting of the motor, uniform 
running of the motor, and even loading of the mains. The perma- 
nent magnets are convenient to service and thrifty in energy 
consumption, if permanent magnets are used whose coefficient of 
permeability is related to that of air, the reduced reactive 
effect of the electromagnetic fields on the exciter part of the 
machine permits operation at much higher current intensity in the 
electromagnets and at a much higher speed of reversal of the 
electromagnets. The one-phase principle may be observed in the 
winding of the electromagnetic functional member, i.e. the windings 
of the individual electromagnets are not connected by so-called 
winding heads taking up a lot of space. This affords the possibi- 
lity of prefabricating the electromagnets outside of the machine 
as identical structural elements, with all the advantages of re- 
placement and maintenance this entails. If required, the electronic 
control may be so designed that each electronic circuit means 
switches only one or more electromagnets which at least are sub- 
stantially in analagous relative positions with respect to the 



permanent magnet poles. Consequently, electronic circuit means 
my be selected which are characterized by the particular desired 
switching power, especially a low switching power in respect of 
the price, the cooling, and the maintenance. The provision of 
the electromagnets radially outside at an inner stationary func- 
tional member and the provision of the permanent magnets radially 
inside at an outer rotatable functional member facilitates the 
' fixing of the magnets as a whole since the electromagnets are 
not subjected to any centrifugal force and since the permanent 
magnets are pressed against their fixing face by the centrifugal 
force. It is an additional essential aspect that the provision 
of the permanent magnets radially outside of the air gap displaces 
the so-called active surface of the machine according to the in- 
vention, i.e. the area of the radially opposed electromagnet poles 
and permanent magnet poles radially further to the outside because 
in radial direction the permanent magnets require less space 
than the electromagnets. This radially outwardly displaced active 
surface of the machine in turn offers more space for the arrange- 
ment of the electromagnets. As a consequence of the greater 
spacing of the active surface from the axis of rotation of the 
machine, the area of the active surface is enlarged and the lever 
arm of the magnetic forces with respect to the axis of rota- 
tion of the machine is increased. Expressed in simplified terms, 
these conditions permit an increase of the torque approximately 
by the factor -3 in comparison with conventional electric machines, 
at a given structural volume. In addition, the reduced reactive 
effect of the electromagnetic fields on the exciter part of the 
machine provides a further increase of the torque approximately by 
the factor 2 and there is also a further increase of the performance approx- 
imately by the factor 2, based on the weight because the space 
inside the electromagnets is almost empty. When taken together, 
all this provides an improvement approximately by the factor 12 
and, therefore, may be said to be a technical breakthrougn in tne 
field of electric machines. 



1. A rotary electric machine characterized by the 

combination of the following features: 

(a) a first functional member and a second functional 
member are provided, one of which is rotatable with reapect to 
the other, an air gap existing between the two surfaces facing 
each other of the two functional members? 

(b) one of the two functional members comprises a 
Plurality of permanent magnet poles of alternating polarity 
distributed in a ring arrangement at the side facing the air gap,- 

(c) the permanent magnet poles are provided by 
permanent magnets • having a coefficient of permeability in the 
order of the permeability of air (A = 1 ) ; 

(d) the other one of the two functional members 
comprises a plurality of switchable electromagnet poles 
distributed in a ring arrangement at the side facing the air gap, 

(e) the number of permanent magnet poles and the number 
of electromagnet poles differ by a small integer; 

(f) the plurality of electronic circuit means, each 
having four controllable semiconductor switch elements and each 
being connected to at least a respective one of said 
electromagnet poles, is provided for switching the electromagnet 
poles in the respective proper direction of current during the 
period of a suitable relative functional position with respect 
to a permanent magnet pole; 

(g) each of the electronic circuit means is controlled 
by at least one sensor disposed at the functional member which 
is provided with the electromagnet poles and detecting the 
rotatonal relative positions of the two functional members. 

2. The machine as claimed in claim 1, characterized in 

that one of the two functional members is disposed inside the 

other functional member such as to establish an essentially 

cylindrical air gap. 



3. Tho machine as claimed in claim 2, characterized in 

that the permanent magnet poles are arranged at the outer 
functional member. 

4. The machine as claimed in claim 2 or 3, characterized 

in that the inner functional member is stationary, and in that 
the outer, rota table functional member is of cup shape. 

5 ' The machine as claimed in claim 1, 2 or 3, 

characterized in that the permanent magnets are made of a 
material based on rare earths and cobalt. 

6. The machine as claimed in claim 1, characterized in 

that each of said plurality of electronic circuit means is 
coupled, for common switching, to each of a partial number of 
electromagnet poles located in at least essentially the same 
relative positions with respect to permanent magnet poles t 

7 • The machine as claimed in claim 1, 2 or 3, 

characterized in that Hall detectors are provided as sensors. 

8 - Tha machine as claimed in claim 1, 2 or 3, 

characterized in that the electromagnet poles are embodied by 
'structural elements which were individually provided 
with a winding and secured to the respective functional member 
prior to the assembly, 

9. The machine as claimed in claim 1, 2 or 3, 

characterized in that the electromagnet poles are embodied by "■ 
identical structural elements which were individually provided 
with a winding and secured to the respective functional member 
prior to the assembly. 

10. The machine as claimed in claim 1, 2 or 3, 

characterized in that the electromagnets are arranged in the 
circumferential direction with their feet in contiguous relation. 
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11. The machine as claimed in claim 1, 2 or 3, 
characterized in that the permanent magnets are arranged in 
circumferential direction to abut directly against one another 
or through the intermission of thin plastic layers. 

12. The machine as claimed in claim .1, 2 or 3, 
characterized in that the pitch of the arrangement of the 
permanent magnet poles and/or the length of the permanent magnet 
poles in the circumferential direction of rotation essentially 
corresponds to the length of the electromagnet poles in the 
circumferential direction of rotation. 

13. The machine as defined in claim 1, 2 or 6, wherein a 
large number of permanent magnet poles and a large number of 
electromagnet poles are provided. 

14. The machine as defined in claim 1, 2 or 6, wherein a 
large number of permanent magnet poles and a large number of 
electromagnet poles are provided, wherein said large number of 
electromagent poles is approximately 30. 

15. The machine as defined in claim 1, wherein the number 
of said permanent magnetic poles is larger than the number of 
said electromagnet poles. 

16. The machine as defined in claim 1, 2 or 6, wherein said 
four controllable semiconductor switch elements of each of said 
electronic circuit means are connected in a respective bridge 



-tf- 



1191543 
3-2 




1191543 

3*3 




